Herein, we report a series of 1, 2, and 3D coordination polymers formed from di-2-pyrazinylmethane (dpzm) and silver(I) salts in which we examine the role the non-coordinating methylene hinge plays in distorting these structures away from those observed for related pyrazine containing coordination polymers. 
Introduction
Considerable research into the synthesis of silver(I) coordination polymers (1-3) has been driven by interest in such materials for, among other things, rare examples of their permanent porosity,(4-7) physical properties such as luminescence and non-linear optical properties, (8) and their antimicrobial activity. (9) (10) (11) Aside from using it to target particular physical or biological properties, silver(I) is often chosen as a building block due to its exceptionally rich coordination chemistry, possessing an unmatched flexibility in its coordination number (commonly ranging from two to six) and geometry (linear to octahedral).(12) Ag(I) prefers soft donors and forms relatively labile bonds with neutral donors. As a consequence, the synthesis of silver(I) coordination polymers can be extremely sensitive to the reaction conditions; subtle changes in the starting stoichiometry, the coordinating ability of the solvent, or temperature of the reaction can lead to the assembly of quite different structures as non-covalent interactions play a significant role in the overall 3D structure. (13) Owing to their coordinating or non-coordinating behaviour, counter-ions play a crucial role in the dimensionality and structure of silver(I) coordination polymers. (1, 12, 14, 15) Even when the anion is non-coordinating, size decreases in the order: SbF 6 − > Figure 1 ) and 4,4ʹ-bipyridine, have been extensively used in the 'node' and 'linker' approach, often yielding predictable silver(I) assemblies. (1, 15, 22) In contrast, flexible azine linkers containing alkyl, S, or O spacers only partially restrict the conformation of the ligand during synthesis, leading to unusual structures.(1-3, 23,
24)
While silver(I) coordination polymers of pyrazine (25) (26) (27) ) and 2,2ʹ-dipyrazine (20) are well known, the coordination chemistry of di-pyrazinyl compounds separated by a one-atom spacer has been attracting recent attention. Notably, this family of ligands can chelate to a single metal while the other two donors can coordinate to two further metal centres, much like that observed for pyrazine. For example, Wan and colleagues reported a series of silver(I) coordination polymers with di-2-pyrazinylmethanediol (dpzmdOH),(28) di-2-pyrazinylsulfoxide (dpzmSO), (29) and sulfonyldipyrazine (dpzmSO 2 )(30) ( Figure 1 ) and coordination polymers of another related ligand, di-2-pyrazinylamine (dpzmNH), were reported by Ismayilov and coworkers. (31) py z dp zm dOH dp zm SO dp zm SO 2 dp zm NH dp zm Recently, we have also synthesised porous 3D silver(I) coordination polymers of di-2-pyrazinylmethane (dpzm) (Figure 1 ) which undergo crystal-to-crystal breathing associated with solvent exchange and additional transformations to close-packed 2D
and 3D materials upon desolvation.(32-33) Interestingly, dpzm is the only compound in this family which possesses a spacer that does not engage in coordination. Herein, we report a series of 1, 2, and 3D coordination polymers formed from dpzm and silver(I) salts in which we examine the role the non-coordinating methylene hinge plays in distorting these structures away from related pyrazine containing coordination polymers.
Experimental

Materials and methods
Unless otherwise stated, reagents were purchased from commercial sources and used without further purification. Dpzm(34) was prepared by reported procedures. Elemental analyses were performed by the Campbell Microanalytical Laboratory at the University of Otago. Infrared (IR) spectra were recorded on a PerkinElmer Fourier-Transform Infrared (FT-IR) spectrometer using an attenuated total reflectance accessory fitted with a zinc-selenide crystal.
Synthesis
General Procedure:
A methanolic solution of the silver(I) salt (2 mL) was added dropwise to a methanolic solution of dpzm (2 mL) resulting in an immediate precipitation. The solid was isolated under reduced pressure and washed with diethyl ether (10 mL). Crystals of the respective coordination polymers were obtained by slow vapour diffusion methods. In all cases the crystals were suitable for X-ray crystallography.
Caution! Whilst no problems were encountered in the course of this work, perchlorate salts are strong oxidising agents and are potentially explosive and should be handled on a small scale with appropriate care. 
Single crystal X-ray crystallography
Single crystals were mounted in paratone-N oil on a plastic loop. X-ray diffraction data were collected at 150(2) K on an Oxford X-calibur single crystal diffractometer using
Mo Kα radiation. Data sets were corrected for absorption using a multi-scan method, and structures were solved by direct methods using SHELXS-97 (35) 
Results and Discussion
Synthesis of coordination polymers
Given the prevalence of coordination polymers incorporating pyrazine as a bridging ligand, (3, (39) (40) we initially undertook reactions of the tetradentate dpzm ligand with a selection of 1 st row transition metals expecting the ligand to chelate an individual metal centre and bridge to two others. However, due to the reactive methylene hinge decomposition of the dpzm was observed with a wide range of metal salts. In one instance, a small selection of crystals suitable for X-ray crystallography were obtained from a reaction of dpzm with Cu(BF 4 ) 2 in methanol; single crystal X-ray analysis revealed a discrete ML assembly of an octahedral Cu(II) centre and di(pyrazin-2-yl)methanediol (dpzmdOH), identical to a previously reported structure by Mak and colleagues (who utilized di-2-pyrazinylketone in a similar reaction with copper(II)). (41) Oxidation of di-2-pyridylmethane (dpm) has also been reported to occur under similar conditions with copper(II) nitrate, yielding a M 6 L 4 cluster composed of Cu(II) and di(pyridin-2-yl)methanediol. (42) To overcome the issues with the reactivity of dpzm, attention was shifted towards silver(I), which, as described earlier, has rich coordination chemistry and does not promote the oxidation of active methylene compounds. (42) 
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Crystal structures of 4a and 4b
The 3D coordination polymers 4a and 4b contain pseudo-octahedral silver(I) metal (16)). e) A perspective view of the net in 4a and 4b and .
views of f) 4a and g) 4b along the b axis (disordered dichloromethane solvate molecules and hydrogen atoms omitted for clarity).
Compound 4b also crystallises in the monoclinic space group C2/c and contains a similar composition of atoms in the asymmetric unit, including three crystallographically and chemically unique silver (I) centres. In comparison to 4a, the structure 4b differs only subtly in bond lengths due to the larger PF 6 − anion. In this structure, the square pyramidal silver(I) centre is disordered over two positions in a ratio of 95:5. Two pseudo octahedral silver(I) centres are present which also contain varying bond lengths from surrounding pyrazine donors, ranging from 2.297(6) to 2.776(6) Å.
In the structures of both 4a and 4b, the square pyramidal silver(I) ion links to five octahedral silver(I) centres extending to a 3D pseudo-cubic lattice (Figure 4e) . (49) Both structures contain relatively small 1D channels along the b axis, which are occupied by counter-ions and disordered dichloromethane solvate molecules (Figure 4f and 4g). There are no unusually short distances between the ClO 4 − anion and surrounding atoms in 4a, as the anion is situated approximately at the centre of the cubic pore. In 4b however, there is a notable hydrogen bonding interaction between an aromatic hydrogen of dpzm and a fluorine atom of the PF 6 − anion, with a H···F distance of 2.29Å. Otherwise, there are no unusually short anion-π interactions in these two coordination polymers.
Crystal structure of 5 3D coordination polymer 5 crystallises in the monoclinic space group P2 1 /n and contains four crystallographically unique silver(I) centres in the asymmetric unit. Five molecules of dpzm, four BF 4 − counter-ions, and five disordered dichloromethane solvate molecules are also included in the asymmetric unit. Like the previous examples, the dpzm ligand both chelates and bridges silver(I) metal centres. The 3D network in this instance is composed of two distorted square pyramidal silver atoms (Ag1 τ = 0.12, Ag2 τ = 0.11), one octahedral silver(I) atom (Ag3) and one distorted tetrahedral silver(I) (Ag4). Ag1 is chelated by two molecules of dpzm, and coordinated by one symmetry related pyrazine donor (Figure 5a ). Ag2, on the other hand, is chelated by only one dpzm ligand, and further coordinated by three N-donors of two separate dpzm molecules (Figure 5b ). The octahedral silver atom (Ag3) is chelated by two dpzm ligands and further two pyrazine N-donors, one which is symmetry related. Notably, anions were located at the centre of the cubic pores framed from the six-connecting octahedral silver(I) atoms. In contrast, all the 3D coordination polymers investigated in this study contained at least one long coordination bond, which is likely to be caused by the geometrical restrictions induced by the methylene hinge of dpzm.
Conclusion
Di-2-pyrazinyl methane (dpzm) distinguishes itself from other dipyrazinyl hinged ligands by the coordinatively inert methylene spacer. This appears to allow it to form coordination polymers with similar structures to those encountered with pyrazine, yet with distortions due to the hinge moiety restricting the angles between adjacent pyrazine rings. Unlike the slow crystallisation conditions used to form the previously reported porous sodalite materials, the silver(I) coordination polymers described here were crystallised by relatively rapid vapour diffusion conditions. These scenarios yielded crystals of coordination polymers which possessed either 1D, 2D, or 3D structures.
These coordination polymers were close-packed, and their relatively small channels were occupied by anion guests. Although some of the close-packed coordination polymers compared well to previously reported assemblies with pyrazine, an evident feature of dpzm was the geometrical restriction of the methylene hinge, which was apparent in the long Ag-N bond lengths, particularly in the pseudo-cubic lattices of 4a and 4b.
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